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(54) MULTILAYER CAPACITOR 



(57)AbstraGt: 

PURPOSE: To obtain a high capacity low ESL multilayer capacitor 
which can be packaged easily by forming outer electrodes at parts on 
the opposite sides of a laminate comprising dielectric plates and inner 
electrodes, connecting the Inner electrodes and the outer electrodes 
through a plurality of columnar connecting members, and disposing 
the connecting members at such positions as the electromagnetic field 
is offset by the cun-ents flowing through the inner electrodes. 
CONSTITUTION: Outer electrodes 1 6 and 56 are fomied at least 
parts on the opposite sides of a laminate comprising dielectric plates 
11-51 and inner electrodes 12-42. The inner electrodes 12. 32 and the 
outer electrodes 16 having an identical polarity are interconnected 
through a plurality of columnar tenninals 13 while the inner electrodes 
22, 42 and the outer electrodes 56 having identical polarity are 
interconnected through a plurality of columnar tenninals 1 4. The 




columnar terminals 13, 14 are disposed at such positions as the electromagnetic fields produced by the 
currents flowing through the inner electrodes 12-42 are offset each other. Since the cun^ent flowing through 
the inner electrodes can be dispersed in all directions, the cun*ent path can be shortened. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
deunages caused by the use o£ this translation. - 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] In the multilayer capacitor with which the dielectric and the internal electrode were accumulated two or more 
layers by tums An external electrode is formed in every [ of the front **** principal plane of the layered product which 
consists of said dielectric and said internal electrode / a part / at least ]. The multilayer capacitor characterized by 
arranging said pillar-shaped connection material in the part which the field by the current which said internal electrode 
used as like-pole nature and said external electrode of each other are connected by two or more pillar-shaped 
connection material, and flows said internal electrode offsets mutually. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] This invention relates to the multilayer capacitor of a low inductance from which the switching 
noise of the logical circuit in a high frequency field etc. is effectively removable in especially a detail more about a 
multilayer capacitor. 

[0002] ^ ^ ^ . . 

[Description of the Prior Art] Large-capacity-izing of a capacitor and RF-ization are demanded m connection with 
large-capacity-izing of an electronic circuitry in recent years, improvement in the speed, and densification. A stacked 
type ceramic condenser is mentioned as one of the capacitors which can respond to such a demand. Especially, 
implementation of large-capacity-izing is possible for the chip mold laminating ceramic condenser of the type shown m 
drawing 7, and moreover, since mounting to a package etc. is easy, the object for the peaks of it is earned out. 
[0003] 71 in drawing shows the dielectric, the internal electrode 72 formed all over the abbreviation except a left end 
between the dielectrics 71 by which the laminating was carried out, and the internal electrode 73 formed all over the 
abbreviation except a right end are formed for setting further, and the layered product 74 is constituted by these 
dielectrics 71, the intemal electrode 72, and the internal electrode 73. Moreover, the external electrode 75 to which the 
end of an intemal electrode 72 was connected, and the external electrode 76 to which the end of an intemal electrode 73 
was connected are formed in the both ends of this layered product 74, and the laminating chip capacitor 70 is 
constituted including these layered products 74 and the extemal electrodes 75 and 76. 

[0004] Thus in the constituted chip mold laminating ceramic condenser 70, capacity is formed m respect of the 
laminating of an intemal electrode 72 and an intemal electrode 73 which counters, total of each capacity value serves as 
the total capacity value of the chip mold laminating ceramic condenser 70, and even if small, large capacity is acquired. 

[0005] By the way, generally, although a capacitor is a capacitative element ideally, it has the resistance and the 
inductance which the dielectric loss of dielectric materials and an electrode have actually, and is expressed in an equal 
circuit as shown in drawing 8, and the behavior changes with the frequencies to be used a lot. Drawing 9 shows as an 
example the frequency characteristics of capacity C=lnF, equivalent-series-resistance ESR (Equivalent Senes 
Resistance) =0.1ohm, and impedance |Z| of the capacitor which is equivalence serial inductance ESL-lnH. The 
frequency characteristics of the ideal frequency characteristics of the capacitor by which a dotted line has neither 
dielectric loss nor electrode resistance for frequency characteristics with an actual continuous line, i.e., the inductance 
(omegaL) component of a capacitor, and a capacity component (l-/omegac) are shown here, respectively. By the actual 
capacitor, an impedance is beginning to shift from near 40MHz, and it is shown that, as for this, an apparent capacity is 
changing so that clearly from drawing 9. Moreover, resonance is produced in 160MHz and it acts as an inductor on the 
frequency beyond it. Although the bypass capacitor which performs the noise cut of a circuit was mentioned as a 
typical application of a capacitor, since an impedance would become high if the frequency of a noise is set to 300MHz 
or more, by capacitor which was described above, there was a problem that it became difficult to remove the noise in a 

RF field effectively. . x • . • 

[0006] In order to solve such a problem, it is the self-resonant frequency fO of a capacitor. It is necessary to raise. 
Generally, it is fO of a capacitor. The following formulas, [0007] 
[Equation 1] 
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[0008] It is come out and expressed. Therefore, fO In order to raise, ESL or C must be made small. However, as 
described above, with large-capacity-izing of a circuit in recent years, C tends to increase, C cannot be made small, but 
it becomes important to make ESL small. 

[0009] In the chip mold laminating ceramic condenser 70, as shown in drawing 10 , the current is flowmg [ no ] m the 
same direction from the end of the extemal electrode 76 with the internal electrodes 72 and 73 which sandwich a 
dielectric 71, the electromagnetic field by the current are offset, and the value of ESL is a formula below abbreviation, 
and [0010]. 
[Equation 2] 



C d 

E S L s II 0 



u 0 : S EB ^ 



[00 11] It is come out and expressed. As a result, a mutual inductance cannot serve as a big value by forward, and the 
value of ESL cannot be made small. For example, 76 extemal electrodes a= 0.5mm and capacitor 70 height of c= 
0.5mm, capacitor 70 die length of d= 1mm, mu 0 : If it is permeability, ESL will serve as about 1.3 nH(s) and abig 

value. L- I. -1 

[0012] A switching noise is a noise generated according to the current (charge and discharge current) which flows on 
the power-source line of a system by switching of a logical circuit, and is in the inductance and proportionality of a 
current path. At this time, a capacitor works as a supply source of a charge and discharge current. In order for the 
switching noise in this logical circuit to pose a big problem and to control said switching noise with improvement in the 
speed of current and an electronic circuitry, large-capacity-izing in a capacitor and low inductance-ization are desired. 
[0013] In the chip mold laminating ceramic condenser 70 with which large capacity-ization was aheady attained, in 
order to control a switching noise more, it becomes important to make the inductance between to make ESL of the 
capacitor itself small the LSI chip at the time of mounting, etc. and a capacitor into min. Then, it considers as the 
approach of making small the inductance between an LSI chip and the chip mold lammating ceramic condenser 70, and 
how to establish many short current paths among these is considered. 

[0014] Generally by the high speed and mass LSI, 50-100 power-source lines are prepared. When the chip mold 
laminating ceramic condenser 70 is mounted in the package with which such LSI was carried (refer to drawing 1 1 ), 
LSI chip 57 is stuck and connected to the ground layer 83 of a package 81 with a conductive ingredient. The ground 
layer pad (not shown) of LSI chip 57 is connected to the chip mold laminating ceramic condenser 70 from the extemal 
electrode 75 through a wire 82, the touch-down pad 84, a beer hall 85, a ground layer 83, a beer hall 86, and capacitor 
connection pad 75a. Therefore, many current paths exist and LSI chip 57 to the ground layer 83 of an inductance is 
small. However, ttie extemal electrode 75 of the chip mold laminating ceramic condenser 70 was small, in order to 
have to connect after collecting said a majority of current paths to one, the number of beer halls 86 has usually become 
one, and the technical problem that the inductance between LSI chip 57 and the chip mold laminating ceramic 
condenser 70 could not be made small as a result occurred. Moreover, also in the power-source line, the beer hall 91 
became one and the wire 87, the power-source pad 88, the beer hall 89, and the voltage plane 90 had a technical 
problem in the case of a grounding conductor, and the same technical problem, although many current paths were 
secured. 

[0015] On the other hand, in order to make ESL of the capacitor itself small, the chip mold multilayer capacitor with 
which said intemal electrode was constituted so that the sense of the current which flows the internal electrode which 
adjoins up and down might serve as hard flow mostly is proposed (JP,4-70764,B). 

[0016] ,T TT.^ 

[Problem(s) to be Solved by the hivention] In a chip mold multilayer capacitor given [ above-mentioned ] in JP,4- 
70764,B By constituting said intemal electrode so that the sense of the current which flows said intemal electrode may 
serve as hard flow mostly Although the elecfromagnetic field by said current are offset and ESL of the capacitor itself 
is reduced, in case the area of an extemal electrode is small on the structure and it mounts in a package etc., even if it 
prepares many current paths by the LSI chip side this once had to be collected too, it had to connect with said chip 
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mold multilayer capacitor, and reducing the inductance between an LSI chip and a capacitor had the technical problem 

were difficult. 

[0017] While this design is made in view of such a technical problem and it has large capacity and low [ ESL ], it aims 
at offering a multilayer capacitor with mounting easy moreover to a package etc., and the still smaller inductance 
between LSI chips etc. 
[0018] 

[Means for Solving the Problem] The multilayer capacitor applied to this mvention m order to attam the above- 
mentioned problem In the multilayer capacitor with which the dielectric and the internal electrode were accumulated 
two or more layers by turns An external electrode is formed in every [ of the front **** principal plane of the layered 
product which consists of said dielectric and said internal electrode / a part / at least ]. It is characterized by arranging 
said pillar-shaped connection material in the part which the electromagnetic field by the current which said internal 
electrode used as like-pole nature and said extemal electrode of each other are connected by two or more pillar-shaped 
connection material, and flows said internal electrode offset mutually. 
[0019] 

[Function] Usually, in the multilayer capacitor, the extemal electrode is connected with said intemal electrode set 
further, and it is constituted so that capacity may be formed between said adjoining intemal electrodes, so that an 
intemal electrode may be connected by turns as a power-source hne, a grounding conductor, a power-source line, a 

grounding conductor, and .. 

[0020] According to the multilayer capacitor of a configuration of having described above, said extemal electrode is 
formed in every [ of the front **** principal plane of said layered product which consists of said dielectric and said 
intemal electrode / a part / at least ]. Since said pillar-shaped connection material is arranged in the part which the 
electromagnetic field by the current which said intemal electrode used as like-pole nature and said extemal electrode of 
each other are connected by said two or more pillar-shaped connection material, and flows said intemal electrode offset 
mutually While distributing so that the sense of the current which flows said intemal electrode may not incline in the 
fixed direction, the distance in which a current flows by said a majority of pillar-shaped connection material becomes 
short, and, as a result, ESL becomes small. 

[0021] Moreover, since capacity is formed by the opposed face of said iiitemal electrode by which the laminating was 
carried out, large capacity is acquired. 

[0022] Furthermore, in case it mounts, while it becomes unnecessary to collect many current paths and a mutual 
inductance becomes small by connecting said LSI chip by wirebonding etc. on said extemal electrode, it becomes 
possible to shorten a connection path and, as a result, the inductance between said LSI chips etc. and multilayer 
capacitors becomes small. 
[0023] 

[Example] Hereafter, the example of the multilayer capacitor concerning this invention is explained based on a 
drawing. Here, the case where the intemal electrode of four layers is formed is explained. Drawing 1, drawing 2, and 
drawing 3 are the perspective views, bottom views, and decomposition perspective views having shown the multilayer 
capacitor concerning an example. The dielectric plate formed using high dielectric constant ingredients, such as barium 
titanate, is shown, and two or more breakthroughs 1 la, 21a, 31a, 41a, and 51a are formed in the predetermined part of 
the dielectric plates 1 1-51 by the inside 1 1, 21, 31, 41, and 51 of drawing. Intemal electrodes 12, 22, 32, and 42 are 
formed using the metal paste which becomes a part except the perimeter constant width of each top face of the 
dielectric plates 11-41 from Pb, Pt and Ag in which simultaneous baking with a dielectric is possible, Pd-Ag, etc. The 
layered product 15 is formed by carrying out ttie laminating of these dielectrics plates 1 1-51 and the intemal electrodes 
12-42 by turns one by one. The extemal electrode 56 and the extemal electrode 16 are formed in the front **** 
principal plane of a layered product 15 using the metal paste which consists of Pb, Pt and Ag in which simultaneous 
baking with a dielectric is possible, Pd-Ag, etc. And the extemal electrode 16 which has like-pole nature, and the 
intemal electrodes 12 and 32 set fiirther are connected by the pillar-shaped terminal 13 with which Breakthroughs 1 la- 
31a were filled up, and the extemal electrode 56 which has other like-pole natture, and the intemal electrodes 22 and 42 
set further are connected by the pillar-shaped terminal 14 with which Breakthroughs 21a-51a were filled up. These 
pillar-shaped terminals 13 and 14 are formed using the metal paste which has conductivity and consists of Pb, Pt and 
Ag in which simultaneous baking with a dielectric is possible, Pd-Ag, etc., and are arranged in the part where the 
electromagnetic field by the flowing current offset intemal electrodes 12-42. Moreover, the ** omission sections 22a 
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and 42a which go away since the pillar-shaped terminal 14 is not connected to internal electrodes 22 and 42 are formed, 
the ** omission sections 12a and 32a which go away since the pillar-shaped terminal 13 is not connected to internal 
electrodes 12 and 32 are formed, and the multilayer capacitor 10 is constituted including these layered products 15 and 
the external electrodes 16 and 56. 

[0024] In order to produce the multilayer capacitor 10 of such a configuration, after adding and kneading a dispersant, 
an organic binder, and a plasticizer to the powder of the barium titanate which added textile-glass-yam sintering acid 
first, it fabricates by law (doctor blade) in the shape of [ whose thickness is about 50 micrometers ] a sheet, and a 
dielectric sheet is obtained. 

[0025] It is baked thoroughly. A dimension Next, after [ for example, ] cutting a dielectric sheet in magnitude fi-om 
which length is set to 15mm and width is set to 15mm, Two or more breakthroughs are formed, respectively so that it 
may become the same arrangement as breakthrough 21a shown in three dielectric sheets at drawing 3. The formation 
part of the intemal electrode 22 fiuthermore shown in drawing 3 of one principal plane of three dielectric sheets, and 
the same part. That is, at the same time it forms an intemal electrode pattem, respectively with the screen printing 
which used the metal mask for the part except ** omission section 22a which goes away since the pillar-shaped 
terminals 13 and 14 of perimeter constant width and heteropolarity are not connected It is filled up for example, with a 
Pd-Ag paste as a metal paste in all breakthroughs. 

[0026] Then, a laminating is carried out one by one, rotating every 1 degree [ 180 ] of dielectric sheets of three sheets 
which used the intemal electrode pattem as the top face. 

[0027] Next, two or more breakthroughs are formed, respectively so that it may become the arrangement of 
breakthrough 51a shown in two another dielectric sheets at drawing 3, and the same arrangement. At the same time it 
forms an extemal electrode pattem, respectively with the screen printing which fiirthermore used the metal mask all 
over one principal plane of two dielectric sheets It is filled up with said metal paste in all breakthroughs, and an internal 
electrode pattem is formed with the screen printing which used the metal mask for the part except the perimeter 
constant width of other principal planes of this one dielectric sheet fiirther. Then, the dielectric sheet with which only 
the extemal electrode pattem was formed on the dielectric sheet by which the laminating was carried out A laminating 
is carried out so that it may be in agreement with the location of a breakthrough where the **** omission section is not 
formed in the perimeter on the top face of a dielectric sheet where the laminating of the location of a breakthrough was 
carried out while using the extemal electrode pattem as the top face. Furttiermore the dielectric sheet with which the 
extemal electrode pattem and the intemal electrode pattem were formed in the bottom of this dielectric sheet by which 
the laminating was carried out While using an intemal electrode pattem as a top face, a laminating is carried out so that 
it may come to the location where the breakthrough rotated 180 degrees of locations of the breakthrough in the 
dielectric sheet of the maximum upper layer, and a laminating dielectric sheet is formed. At this time, the breakthrough 
and the intemal electrode pattem are formed so that the pillar-shaped terminals 13 and 14 may be arranged in the part 
where the electromagnetic field by the flowing current offset the intemal electrodes 12-42 of each other. 
[0028] Next, a laminating dielectric sheet is calcinated in 1250-degree C atmospheric air, and a multilayer capacitor 10 
is produced. 

[0029] Drawing 4 is the mimetic diagram having shown the direction of the current which flows the intemal electrode 
12 in case the polarity of an intemal electrode 12 is + in the multilayer capacitor 10 concerning an example, and 
drawing 5 is the mimetic diagram having shown the direction of the current which flows the intemal electrode 22 in 
case the polarity of an intemal electrode 22 is -. 

[0030] In the multilayer capacitor 10 concerning an example, the current which flows intemal electrodes 12 and 22 is 
flowing fi-om + to - as a whole so that clearly fix)m drawing 4 and drawing 5, and if this sense is expressed in vector, 
each will flow into an omnidirection fi:om breadth or an omnidirection. Moreover, the distance in which a current flows 
is as short as one half of the distance between the pillar-shaped terminals 14 of the same kind. Thus, while distributing 
the sense of a current and offsetting the electromagnetic field of a current by taking into consideration arrangement of 
the pillar-shaped terminals 13 and 14 geometrically, the distance in which a current flows can be shortened and ESL 
can be made small. 

[0031] When ESL of the multilayer capacitor 10 concerning an example was actiially investigated, it was checked tiiat 
they are O.OSnH and a small value. 

[0032] Drawing 6 is the typical sectional view having shown the example of 1 activity of the multilayer capacitor 10 
concerning an example. Here, the multilayer capacitor 10 which has a somewhat larger dimension than LSI chip 57 was 
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used '55 in drawing shows the package, the multilayer capacitor 10 carried in the package 55 is stuck and connected 
with the conductive ingredient on the voltage plane 69 of a package 55, and the external electrode terminal of a power- 
source Une and the external electrode 56 on top serve as [ the external electrode 16 of multilayer capacitor 10 
underside 1 an extemal electrode terminal of a touch-down line. On the external electrode 56, with the conductive 
ingredient, LSI chip 57 sticks and is connected. The earth terminal (not shown) of LSI chip 57 is directly connected to 
the extemal electrode 56 by the wire 59, it connects with an extemal power (not shown) through the touch-down pad 61 
of a package, a beer hall 62, a ground layer 63, a beer hall 64, and a pin 65 from a wire 60 further, and the current path 
of short a large number is secured. On the other hand, the power supply terminal (not shown) of LSI chip 57 is 
connected with the extemal power (not shown) through the beer hall 53 and the pin 54 while connecting with the 
extemal electrode 16 of a multilayer capacitor 10 through the pad 67 of a package, a beer hall 68, and a voltage plane 

69 from a wire 66. , . ^ ^ • ^t. * 1 

[0033] In the multilayer capacitor 10 applied to an example so that clearly from drawing 6 By formmg the extemal 
electrodes 16 and 56 of a large area in the front **** principal plane of a layered product 15 The current path from LSI 
chip 57 is connected to the extemal electrode 56 of the direct multilayer capacitor 10. Or it is not necessary to connect 
with the extemal electrode 16 through many current paths, and for the current path of short a large number to be 
secured, and to collect these current paths in the middle of a connection path, and the inductance between LSI chip 57 
and a multilayer capacitor 10 can be made small. 

[0034] In addition, although this example explained the case where the extemal electrodes 16 and 56 were formed all 
over the front **** principal plane of a layered product 15, even if the part in which the extemal electrodes 16 and 56 
are formed is not the whole surface of the front **** principal plane of a layered product 15, it should just contain 
altogether the pillar-shaped terminal 1 3 or the pillar-shaped terminal 14. 

[0035] If it is in the multilayer capacitor 10 concerning an example as explained above, while being able to make an 
omnidirection distribute the direction of the current which flows internal elecfrodes 12-42, distance in which a current 
flows with many pillar-shaped terminals 13 and 14 can be shortened, and ESL of multilayer capacitor 10 the very thing 
can be made small. And since capacity is formed by the opposed face of intemal electrodes 12-42, large capacity can be 

acquired. • *u 

[0036] Moreover, it can mount directly under LSI chip 57 carried in package 55 grade by making connection with the 
exterior from the extemal electrodes 1 6 and 56 with a large area. Moreover, in case it mounts, while it becomes 
unnecessary to collect many current paths and being able to make an inductance small, a connection path with LSI chip 
57 is shortened, and the inductance between LSI chip 57 and a multilayer capacitor 10 can be made small. 
[0037] 

[Effect of the Invention] In the multilayer capacitor applied to this invention as explained in fiill detail above In the 
multilayer capacitor with which the dielectric plate and the intemal elecfrode were accumulated two or more layers by 
turns An extemal electrode is formed in every [ of the front **** principal plane of the layered product which consists 
of said dielectric plate and said intemal elecfrode / a part / at least ]. Since said pillar-shaped connection matenal is 
arranged in the part which the elecfromagnetic field by the current which said intemal elecfrode used as like-pole nature 
and said extemal electrode of each other are connected by two or more pillar-shaped connection material, and flows 
said intemal electrode offset mutually While being able to make an omnidirection distribute the direction of the current 
which flows said intemal elecfrode, distance in which a current flows by said a majority of pillar-shaped connection 
material is shortened, ESL of said multilayer capacitor itself can be made small, and since capacity is moreover formed 
by the opposed face of said intemal elecfrode, large capacity can be acquired. Moreover, in case it mounts, while it 
becomes unnecessary to collect many current paths and being able to make an inductance small, a connection path with 
said LSI chip is shortened, and the inductance between said LSI chips and said multilayer capacitors can be made 
small. Therefore, the switching noise of the logical circuit especially in a high frequency field etc. is effectively 
removable. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2 . * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view having shown typically the example of the chip mold laminating ceramic 
condenser conceming this invention. 

[Drawing 2] It is the bottom view having shown the chip mold laminating ceramic condenser conceming an example. 
[Drawing 3] It is the perspective view having decomposed and shown the layered product part of the chip mold 
laminating ceramic condenser conceming an example. 

[Drawing 4] It is the mimetic diagram having shown the direction of the current which flows the mtemal electrode in 
the multilayer capacitor conceming an example. 

[Drawing 5] It is the mimetic diagram having shown the direction of the current which flows the internal electrode 
shown in drawing 4 in the multilayer capacitor conceming an example, and an adjoining intemal electrode. 
[Drawing 6] It is the typical sectional view having shown the case where it mounted in the package in which the 
multilayer capacitor conceming an example was carried in LSI. 

[Drawing 7] It is the partial cross-section perspective view having shown the conventional chip mold laminating 
ceramic condenser. 

[Drawing 8] It is the representative circuit schematic having shown the circuitry of a chip mold laminating ceramic 
condenser. 

[Drawing 9] It is the graph which showed the frequency characteristics of impedance \Z\ in the conventional chip mold 
laminating ceramic condenser. 

[Drawing 10] It is a typical sectional view side to show the direction where the current in the conventional multilayer 
capacitor flows. 

[Drawing 11] It is the typical sectional view having shown the case where it mounted in the package in which the 
conventional chip mold laminating ceramic condenser was carried in LSI. 
[Description of Notations] 
1 0 Multilayer Capacitor 

11, 21, 31, 41, 51 Dielectric plate 

12, 22, 32, 42 Intemal electrode 
13 14 Pillar-shaped terminal 

15 Layered Product 

16 56 External electrode 



[Translation done.] 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing Oil 




56 



Drawin g 02] 




[Drawing 03] 
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[Drawing 061 
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[Drawing 071 
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[Drawing 081 
O 




[Drawing 111 
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(54) am<Dt,m ««a>5=>iJ- 

(57) [S*^] («fiE^) 

•^ti^gsmffiie, 5 6*4?^jatsix, pi«i!fei:/x«»i*i^s5 

«a?12. 3 2aOf^a5«ffil 8A5aac«©fetfefi!g^l 

B />^a2ic^<JD=ftt^«ss^ 1 4T^n-en5VMr«^«2$n. 

V^H«llfc-r*»0rIlftttiST-l 3, 14A<ffia*l^Tl^ 
W,rL^mm^m,< ®ffa>ir>-9-l O0«:C!>ESL 

fe/h$<-e^«>o tfc*s-r&^. ^s-fSco^^ftSfcTj^jjktj 

CLS I ^ v^S 7i:r3[)^i^iS?S&^<iT?t> LS 1 ^ 
y-fbl t mm 3 > f-* > -y- 1 0 i: © r«l C •<> ^ 
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1 

M*3P>n/:fiS®n vxV«^j::*5V>t. mt^m^i^RTjm 
tooon 

^>^/^ X^^^^mm^t 4: g- y 

V 0 «S © 3 V V -9- c M r ^ o 
LO0O23 

[0 0 0 3] 1 li^mflc^^LT^SD^ Sl®$n 

fc^S^7 1RDC{i. BS^®ir?^j5)5$nfcrt 

1, f^a5mffi7 2ar/F*3gf5mffi7 3t3«fcOaJ»^|i7 4A< 

^«ffi7 20— iSS36«»lK'$nfc^giJ««7 5 i:. rtlfUm 
«7 3 <0-m-^l^^tltc^m%m7 B^ifiBtiitStl. 

[00043 ccaA^cflijs^snfc^s'T/sist^-fe^^ 

y^aV7^V+>7 0Xtt> rtSPmeS7 2 ilrt^^ffi 7 3 

[0 0 0 53 fcC^X- -ttC, zrVT^y+MiSiSfiljCti 40 

0-toM^^V>A?±^<^fkt-6c H9(i— LX, 
«fiC= 1 nF. ^filiiilL3?iM^ESR (Equivalent Sor 
ies Bcsistaaco) =0. 1 O. ^M^n-<> if 9 V 7. 
ESL = 1 nHxag)-&=3 vr-'y-y-i^j-f >tr-^^>:x | z 



1#M¥7-2 0 1 6 5 1 

Z 

co^«^^^te^-tii-eni3^uxvs*o ia93&-6n^fbi6'tf 

l:f-iS^V:^X»4:*'nj6«>XfcO. rntt^jepitcD^ft;^^^ 
fbUXV>$:it«:5^LXV^5>, S/i. leOMHzX:^^ 

Xlg-S^-Jo n^rV^CftJSfi^J^jrfflj&iiLX, ©85© 

y -< X* -.r h -^/^-r /<x 3 ^T^^^f *t^tf ens 

[00071 

[i&n 

1 

f o = 

2 « J B S L • C 

[0 0 0 8] X^^n^p fie-^Xfo *?a5«)-5Ctt. E 

-r«.«i»]tw*o, c«r/jN$<r-&r fcttx^r. esl 
[0009] ^v^^>7'>^7 0-c 

tt, 01 0C^U/i:<t->C8S««:7 1«:l**O:^X©I^ 
a5««7 2, 7 3X, ^a$««7 60-fiS*^6«Clt*«I^ 

iHi&<. ESLO^SttB&lSlTCD^, 
[0 0 10] 

[«S:2] 

C d 

E S L a: ii e 

a 

[0 0 11] x^$n-&p -^cDis^jfssi-f yy^5^v::i 

^SIS«ffi7 6lia = 0. 5mm, =j 

>'-r>'-9-7 0il«$c = 0. 5mm, 3 y 7^^-9-7 0:g* 
d = lmm. jc/o : iSffi^fcT 6 i:. ESHi*<7l. 3 

[0 0 12] ;^-f y^yjjfy-f Xtti&siE)j?S©;<>r -v^ 
^^^^ V xftA^lg^nxv^^. 
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COO 1 3] »r:^c«fftft75t0e>n/i^-/yMer»-fe7 
6c: i:, &c/l5$5tf=^®LS I^y:r^i:^yxv^^■ 
coo 1 4] — Hfttr. ai^A-o:*:i&ftcDLS 1"C«5 0 10 

i^=jyr>^7o^mm-r^^^ mi i#jR0 . ls 

I^5/7^5 7li/^y'5r-5?8 1 8 3 ^r?»«t^tt' 

*4■effi^& LT^KiSiX. LS I 7C03^^ife®/'<v 
K (Ca/K-ttf) tt^-f K84, ^7 ^> 

K/< y K 7 5 a LT^lS5«a67 5 €>^ 5^ rS!«JB 

S?«-tr ^ ^ y ^ 31 ^^T^^'-t^ 7 0 ©^aJmaST 5 

XisO. j^^fltytrttLS I-^-yT'STfc^-y v^a^Ste-t 
^ 5 y ^3yxy-9-7 0ffelcfcitS'< y^^^>>^5&/h 

|«»r*5V^T^b. ^^fVST. nm/^-y KB 8, kfT*- 
^'I'SO. miS®9 0^-Ctt#j»:<D«mK;!i5flg^$^XV> 

C0 0 15]fib5^. JVx>i^gi*:<3DESL=gr/hS<r 

« sa*:^roi t /<c ^ J: -5 (X flfriE ^««^«J6S $ n)t ^ 
^^irmmm^>7'>^tmm^tix\^^ {^'^^4-7 

0 7 6 4 ? o 
COOl 6] 

0 7 8 4 ^ii-^ga«0^ -y T/S^iK® Vt^V •t^C^3V^T 

L«eesc$ti-6tc!)<3!), ^i^«ffio®m*« 

'h* <^coTiiCi. ^^vy-x^J::?5^-rs^. LSI 

l:It£^^. LS I ^/iray-r >"»^i:C!)KCtelt*-f 
y y :^ «rffi«r * w i: BiiiT*> * i: V ^-5 ?IS A* 

COO 1 7] *%§gtt::o^v3:cSlic»^^7i3nyi:t so 
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4 

c5>Tfe-^T. ±^ftA>o{ftESL^^LJ^cA5e>. LA-i> 

^m^Thz.t^Emthx\>^^^ 

coo 1 8] 

coo 1 9] 

mi^js. si&ift. 't&m.m. mmsi. - * ^^^cjgii^^ 

CO 0 2 0] ±H2L}t«j^(D«S3 yr^y■»^■k:ct?^^f. 

CO 0 2 1 3 «s^stL^fltr§srta5mac!)5^isi®-c 

CO 02 23 m^T^m. f;lB^ffi«ffi±tlfltf 

g2LS I ^yzf^mJt^t'y^^T^yr^ y^^^^-c^tt-r 
T1fl2'ry4^i7^y::^3&«/h$<0:^i:^tJ:i, ^WJS^^ 
^tgi;S3y'r>-y-i:orflir:teWS'< 
C00233 

C^ifi^'J] UT, *lfel«J-«g6«©=?yT^y-^f0D^lfe^J 

mm^tixyi^^^^\zr^\^xmmti»o hi, 0 2&t; 

K!3*i^Jfe^iiJk:{^5|&©:3yr y^^5:7KL/cj5¥m0> iSc 

nm&vf^m^^xi>^o Bi4» I K 2 u 31; 4 

K 5 lttf•i'ytt.'«•;'>A«Stcr>i$S5^i|S:^^4^^l^X 
^^J«^?n5feK«{4:fE«:^LX*>'3. 8l«^*:«tl 1-5 1 

a. 4 1a. 5 1 aif^m^^nXi^^o 1 1 - 

4 Ko^^momm—^m^f^K^i^iz^ m^^i^to^ 
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h&^V^Tf^^«ffil 2. 22, 32. 4 

2*^^jsic$nxv>^o c:ne>3i«{4:«i 1-5 1 25.1/1*) 
^«ffii 2-4 2A<ff[»:!fcSn»»$na::^»'a:o«[ 

li^im^fciitDlHl^ffe^tA^omTiPb. Pt, Ag. Pd 
- A g ^/r» 6 /j: &H ;^ h V ^T^gptia 5 6 R 

t©rtfiB1Effi22, 4 2*«jrm2 1 a — 5 1 aC3t^a 
^jiripJfig/jrPb, Pt. Ag, P d - A g^** ^ ^cS^ 

m-<-y^h^mx^xff^^^nx^K>. F*gsp«si2-4 

X\^i>. rt«JM22. 4 2tttft*t«S^l 

fi?l3Z$H/J:V^/t«>0< Otfe^g352 2 a, 4 2^iim^^ 
n, f^^«S12. 3 2taft<^ig^l 3 3&<^tt*n)5: 
l^/z8C)0< Otfe^gjSl 2 a, 3 2&tmES,^flX:}3 0^ 

L0024] rCDcfc^tcl^^COStWaVT^yit 1 0%f^ 

LXmmLitWt. (K^'^'-:fU-K) &C<tOJ5£3i>' 

[0 0 2 53 }^\z^ «l^_h*»»3^&*««aj^lfia^;6n 5m 

^mLf^^k. Sl«(*:>'-h3&»;i, ® 3 LfcJJiSdFL 
2 1 ai:ig«®Kefc^d:<&J:-5Ji«fte(DJtaiL«r^n 

^ru^&L^ *^i^K«f4^'>-h3ttc«>— ^esfo, ebs 

C^t/cP»il^«ffi2 2©JE^J5^^^^i:(p!«i(DgiS5^. 0 
^S-^teScf^ffifeOfti^SST 13,14 
^cv^/::^^>0< 0lfe^^2 2 a%l*<^^C;^:J^;i/^::^>? 

b t Ltmtf P d -A g-t-X h *5feJKT^. 

£0 0 2 63 l^fiP^fll/^^->^:±W::t/c3 

C0 0 2 7l?*:ir. SiJO!)3l«ft:->- h 2«c«^. W3i;:<i;- 

mion^^n^'tti^nj^^i,. $*>c^m(*:>- k 2«c 

l«c<Dftfe(^£iljc:)^H-3g»i'S:I^< 



30 



iL^ciiRA^ss^snfc^mits/- b±mc^mm\z < oik 
$ ^ ^nx\^tc\ ^nMHo^w, t -sc-r ^ J: -5 

«5mffi^< - y RC/rta5m«y < - y fi£ * Hit Sim 

vxc^^irsfisrmcitmfis^i 3, 1 4*«is:3n«» i 
[0 0 2 8] e>ct3, af»^m^>'-h^i 2 5 0T:©:;t 

[ 0 0 2 93 H 4 »^JB«5iJC«R*8lff 3 y r V-y- 1 O »w 

I 2^mti^mma>:^^^^Ltzi(Si^mT^^. lasji 



£0030] B4AVH6i&*e>93e.ip3i:J:-5tSI«i^C 

ti^'^mt^^nLX'^ti^^-izmnxtso. z(0[^^ 



[00 3 1] S^BKK:. *Jte0SJC«^*«t®3>7*>^i-l 0 
®ES LSrai^fcfcC^H O. 0 5nH4:/h*3icfiifc* 

[0 0 3 23 me^mmm^z^^mm:^ yy'y^ I ow 

I ^ y r 5 7 <t 0 t U i: * *D 0 & V ^ *m ^ «» 
3>7^>-9-l O^fflV^fco Blot's 5»Ay^-5^«r?^t 
TisO, -'N-y-^^— >'5 5ir45«t$n>::S?S:J>T^:^^l 
40 0 ti/'? ^r-v* 5 5 6 9±;z#«ii#*4-cm^ 

Bii^m^^'< yo^mnmnf^'f-tur^xx^^c ^fiums 

3e>C'7>f 'V6 0**6»-'<-yy-i^fl5jgifey?> K6 1 , tf 
T*-yu6 2. «ife»6 3. trr3^->64, fcfves 

^j^\:x^m^m m^it-T) t^JSt^nxmx^^^o) 

50 mflfLg&;&MiiRSn-CV^5« — L S I ^ •> :/5 7c!)?E 
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7 

K6 7, fcf7>-^-yv6 8. "SiSllie Q^iiliT^jgny 

-;i'53ai/tr>'54*iit:T^^mi® (H^-ar-r) 
[003 3] msij^bm^t^ux'tf^i^mm^zv^i^^m 

iSCD^asmffil e, 5 63&5J^jSesnXl>5Ci:K:J:0, 
L S I ^ -y :/6 7 e)0««fLSA*iI^»W 3 yf'y'^ 1 

^j:<. LS I f-y-/5 7 4:i»Ha>7^y-tM OtorslC 

^ttS-f v^^iJ' <t"«ri:;ei*7!$?)„ 
[0 0 3 4] /i^3*:^0^-Cli. ^SP^mi6. 5 6;6^ 

CO 0 3 63 ifc. ffiacD/2:V^5t^««l 6, 5 6*^e» 

^ti^m,r^^. ^^(o^ms&^^m'^^^^t^ts, so 

<>^coT'<>'^:^^ v:^^/i^^<Tt^&fc#tlc> LSI 
^^/7^5 7fc<?)«?«iSatt$:MttL. LSI^yr5 7i: 

[003 73 
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[Elt6i<DMi?i;i:|Ji5§3 

C(2ai3*^^Jc«^5-^^y :/Si«®-t 7 5 y ^ =j vx:/ 

CH4 3 5?Jt«^c:«*»»3Vx>ifc:^5tt2»l*iS5«« 
[E53 ll^^^6^^J^r^^*8^»=Iyr>•^t^r^tt<^)04^c^ 

[06 3 ^a§fq»lfl^6SSJe=r:^7'y-i^^LS I;6(^«t$ 
[H 71 «e?i56D^ y T^SiaW-fe V 5 V ^7 3 y 

tB83 ^-jrfmmm-tr'^^^^auT'z^^cD^f^m^ 

[BH 0 3 «a£*cD»S 3 V y If *r W S««t<DilfEn « 

:^ fS) i6 ® ^^65 wfMH ®-e^ s o 
lu 21, 31, 41, 51 mmi^m 

12. 2 2> 3 2, 4 2 iH^Xgim 
13,14 fti^lS^ 

15 mm^ . 

1 6, 5 6 ^SP^Ci 
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